The substrates and methods of the invention can be used in fiber optic 
devices, sensors {see, for example, Kopelman et aL 9 U.S. Patent No. 5,627,922; and 
Pinkel et al. 9 U.S. patent No. 5,690,894), fiber optic "refrigerators" and the like. 

5 Medical Applications 

The compounds of the invention can also be used to treat malignant tumors via 
photodynamic therapy (PDT). Additionally, the complexes of the invention be used in 
vivo and in vitro as chelating agents for: (1) certain paramagnetic metal ions to achieve 
higher contrast in magnetic resonance imaging (MRI); and (2) radioactive metal ions for 
10 tumor imaging in single-photon-emission tomography (SPECT) or position emission 

tomography (PET) and/or in radioisotope-mediated radiation therapy. Thus, appropriately 
radiolabeled phthalamide chelates can be imaged noninvasively in nuclear medicine 
employing SPECT or PET. See, for example, Margerum et aL 9 U.S. patent No. 
6,010,681; and Woodburn et al, U.S. Patent No. 6,022,526. 

15 

Separations 

In another preferred embodiment, the specificity of the compounds of the 
invention for particular ions in solution is exploited to separate those ions from other 
solutes, including ions for which a compound of the invention has a lower affinity or 

20 specificity. In a preferred embodiment, the PLs are used to separate one lanthanide ion 
from another. Many examples of ion selective or ion specific chelating agents are known 
in the art. See, for example, Izatt, et al Synthesis OF Macrocycles, Wiley- 
Interscience, New York, 1987; and Martell et al 9 Determination and Use of Stability 
Constants, 2 nd Ed., VCH Publishers, New York, 1992. 

25 The materials, methods and devices of the present invention are further 

illustrated by the examples which follow. These examples are offered to illustrate, but 
not to limit the claimed invention. 

EXAMPLES 

30 Example 1 illustrates the synthesis of exemplary ligands of the invention 

and the formation of their metal complexes. The synthetic scheme for the compounds of 
Example 1 is set forth in FIG. 1. 
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mixture is red when irradiated by UV light at 354 nm. After 20 hours of reaction, the 
solvent is reduced and the mixture is cooled at 4° C. After filtration of the white solid and 
drying in a vacuum oven, 95 mg of product are collected. Yield: 81.7%. Calcd. (Found) 

for EuC 4 6H54NioOi2'lBr4H 2 0: C, 44.45 (44.67); H, 5.03 (5.01); N, 11.27 (11.09). 

5 

6.5 Synthesis of fTb(H22IAM)l + . 11 

8 (0.18 mmol) and Tb(N0 3 ) 3 *6H 2 0 (0.18 mmol, 99.999 %) are suspended 
in a mixture of 1 1.0 mL H2O and 2.5 mL MeOH. The procedure was similar to what was 
described for the synthesis of [Eu(H22IAM)] + . Calcd. (Found) for 
10 TbC 4 6H52NioOi2-lBr-5H 2 0: C, 43.66 (43.70); H, 4.94 (4.97); N, 11.08(11.20). 

6.6 Synthesis of [La(H22IAM)f. 12 

8 (0.05 mmol) and LaCl 2 '7H 2 0 (0.05 mmol, 99.999 %) are suspended in a 
mixture of 2.5 mL H 2 0 and 1 mL MeOH. The procedure was similar to what was 
1 5 described for the synthesis of [Eu(H22IAM)]\ 46 mg of white product was collected 
after isolation and drying. Yield: 74.8%. Calcd. (Found) for LaC 4 6H 5 4NioOi 2 4Br4H 2 0: 
C, 44.92 (44.91); H, 5.08 (5.09); N, 11.39 (11.15). 

EXAMPLE 7 

20 Example 7 illustrates the synthesis of exemplary bicapped ligands of the 

invention and their metal chelates. 

7 J Synthesis ofMe d BicappedH22IAM, 13 

7 (23 mmol) dissolved in 400 mL of CHC1 3 and H22 amine (2.2 mmol) 

25 dissolved in 400 mL of CHCI3 were added using laboratory pumps to a 5-L round-bottom 
flask filled with 2400 mL of CHCI3 and fitted with a mechanical overhead stirrer and a 
small reflux condenser. The reaction mixture was heated to ~55°C and kept under a 
nitrogen atmosphere. After —31 hrs, the mixture was evaporated to dryness and the 
remaining residue purified by flash silica column chromatography (0 - 20% MeOH in 

30 CHCI3 gradient). The solvent was evaporated to give the product as an pale amber foam. 
This compound exists as two conformational isomers as indicated by 'H and 13 C NMR 
(this is also found with protected bicapped H22TAM). Only the spectra for the major 
isomer are reported. Yield: 44.0%. 'H NMR (500 MHz, CDCI3, 25 °C) S 2.69 (br s, 
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